curred near the culmination of a long cooling trend (4). Heinrich event H-1, which occurred at 13,700 to 14,900 14C yr B.P., marked the end of a prolonged interval of glacial climate (4). The expression of the Younger Dryas event in some North Atlantic sediment cores resembles that of the Heinrich events (4).
Because the abrupt changes recorded in Greenland ice and North Atlantic sediments so far appear to have been areally restricted, most explanations have invoked regional mechanisms. For example, Dansgaard-Oeschger events have been attributed to variations of North Atlantic thermohaline downwelling tied to the discharge of meltwater and icebergs (7), and Heinrich events to subglacial freezing and thawing of soft basal sediments in Hudson Bay and Hudson Strait that produced Laurentide ice-stream surges (8) . It has also been proposed that variations in thermohaline circulation caused by unstable discharge of all portions of the Laurentide Ice Sheet that rested on deforming sediments is the ultimate cause of abrupt North Atlantic climate changes (9) .
Quite a different perspective on these abrupt climate shifts would emerge if it tuLrns out that they were registered globally.
Tight interhemispheric coupling of temperature changes would implicate global rather than regional forcing mechanisms. In this research article, we report radiocarbon dates of Andean glacier and vegetation fluctuations in the Chilean Lake District and on Isla Grande de Chiloe, complemented by data from the Southern Alps of New Zealand. Both regions are adjacent to the Pacific Ocean; both are at 41? to 44?S latitude and thus within the influence of the Southern Hemisphere westerlies; both are far from the North Atlantic region, large ice sheets, and sources of thermohaline downwelling; and both feature mid-latitude mountain glaciers that receive high precipitation and respond quickly to climatic change. Thus the Chilean Andes and the Southern Alps are prime localities for determining whether the North Atlantic climatic pulses were regional events or were part of a global signature.
Llanquihue glacier advances in the Chilean Andes. The wide, flat-floored longitudinal valley that trends north-south along the western flank of the Chilean Andes shows several major topographic features related to the last (Llanquihue) glaciation in the Lake District and on Isla Grande de Chiloe (Fig. 1) . Here a complex belt of Llanquihue-age moraines delineates former piedmont glaciers that flowed westward from the Andes into the longitudinal valley. Graded to the distal portion of the Llanquihue moraine belt are extensive outwash plains. Together, the Llanquihue moraines and outwash represent glacial maxima when the Andean snowline was depressed about 1000 m below present values (10) . Nested behind the Llanquihue moraine belt are the deep Rupanco, Llanquihue, Seno Reloncavi, Ancud, and Castro basins. Piedmont ice lobes with gentle surface slopes filled these basins at Llanquihue glacial maxima. Lakes or marine gulfs flooded the basins when the ice lobes collapsed during the last termination.
The Llanquihue moraine belt features discontinuous cross-cutting ridges, along with palimpsest landforms. The moraine ridges stand 3.0 to 20 m high, and many have well-preserved ice-contact slopes. Most moraine cores are composed of gravelly sediment flows derived from an adjacent ice snout. Some cores were folded and faulted by advancing Llanquihue ice. Till layers from 0.80 to 3.0 m thick are commonly distributed across the proximal moraine slopes and in many cases cover the moraine crests. These tills are light gray, compact, and contain numerous striated clasts of andesite and granite derived from the Andes. They are discontinuous and little weathered; many exhibit shear planes and boudinage structures. Most are basal lodgement tills, although some are meltout or flow tills. At the eastern margin of the moraine belt, an ice-contact slope rises as much as 60 to 130 m above the glacial lakes and marine embayments. Banked against this ice-contact slope are complex sets of kame terraces; some have been partly sheared off and capped with till, whereas others are intact.
Individual drift sheets within the Llanquihue moraine belt can be traced for only a few hundred meters. Some moraine ridges were overrun by Llanquihue ice, and others are composite features from several Llanquihue advances. Some ice-contact slopes have been occupied more than once; others have been overrun. In places beyond the former ice terminus, Llanquihue outwash has been folded into linear ridges that resemble ice-marginal features. Therefore, rather than attempting to delineate the areal extent of individual drift sheets, we produced detailed morphologic maps of Llanquihue moraine belts and outwash plains. These maps served as the basis for plotting stratigraphic sections, radiocarbon samples, and pollen stratigraphies from sediment cores located within the moraine belt, hence guiding reconstruction of Llanquihue ice-margin fluctuations (Fig. 1, Table 1 ). The mapping and radiocarbon dates show that the Llanquihue moraines and outwash plains belong to the last global glaciation and that at least six Llanquihue glacier advances reached the outer moraine belt.
The youngest well-dated Llanquihue glacier advance into the outer moraine belt culminated at 13,900 to 14,890 14C yr B.P. and is best documented for the Lago Llanquihue and Castro piedmont lobes. In this advance the Lago Llanquihue piedmont glacier reached its maximum at the outer edge of a kame terrace banked against the lakeside ice-contact slope; this terrace consists of outwash and lacustrine sediment discharged from the adjacent piedmont ice lobe. According to Porter (10), lahars that cover the southern part of the terrace were derived from the volcano Calbuco; they flowed around the ice margin on the top of the terrace and exited the Llanquihue basin through the river outlet while the piedmont ice lobe still stood at the outer edge of the terrace. At Llanquihue (site 1 in Fig. 1 and Table 1 ) the error-weighted mean age of eight wood samples buried by ice-proximal glaciofluvial deposits shows that construction of the ice-marginal terrace began at 14,890 14C yr B.P. (11) . At Puerto Varas (site 2), radiocarbon dates of about 14,500 14C yr B.P. from wood and organic silt register a break in terrace construction and therefore could suggest brief ice withdrawal from the terrace margin. Also at Puerto Varas the error weighted mean age of five wood and fibrous peat samples (Table 1) At four localities glacial deposits date SCIENCE * VOL. 269 * 15 SEPTEMBER 1995from ice advances into the outer Llanquihue moraine belt at -33,500 14C yr B.P. We assign a Llanquihue age to these deposits because they are little weathered and because pollen profiles from overlying organic-rich sediments show no evidence for full interglacial conditions. We discussed the sites at Frutillar Bajo and Puerto Octay above. A third locality is at site 13 (Fig. 1) Fundo Llanquihue (between 20,890  and 14,000 14C yr B.P.), Dalcahue (30,070  to 14,810 14C Interhemispheric symmetry. As discussed above, we recognize major fluctuations for individual Andean piedmont glacier lobes (Fig. 2) . Because these glacial terrestrial sequences are typically discontin-UOUS, we combined the individual records into a composite diagram (Fig. 3) (Fig. 3) . In both hemispheres, the buildup to the H-2 peak was underway about 22,000 14C yr B.P.; the peak itself occurred close to 21,000 14C yr B.P. and the decline at 21,000 to 20,000 14C yr B.P. Shortly before the H-2 event an earlier glacier peak occurred in both hemispheres at about 23,000 14C yr B.P. Two peaks also occurred near H-3 in both hemi- (27) and with the Southern Hemisphere glacier maxima (Fig. 3) Bond and Lotti (27) showed that the North Atlantic Heinrich events are actually part of a long series of ice-rafting pulses that recurred at intervals of 2000 to 3000 years. These ice-rafting peaks were concurrent with the Dansgaard-Oeschger cold events in the atmosphere over Greenland. Thus the Heinrich events are seen as a response to the same climate forcing that produced the Dansgaard-Oeschger cold peaks (27) . By extension, the match of North Atlantic ice-rafting peaks with Southern Hemisphere mountain glacier maxima reported here implies that the Dansgaard-Oeschger cold pulses had a global signature. Mforeover, the Southern Hemisphere moraine record also shows that the mountain glacier peaks correlative with the Heinrich events are embedded in a long series of similar glacier maxima. For example, the mountain glacier maxima at 17,720, 23,060, and 29,600 14C yr B.P. are about equivalent in magnitude with those that correlate with Heinrich events. Also, millennial-scale glacier pulses in both hemispheres occurred between 20,000 and 13,000 14C yr B.P. Thus the mechanism that caused the global glacial pulses continued to operate through this puzzling interval where the structure of the Dansgaard-Oeschger events is lost in the Greenland ice cores.
The interhemispheric symmetry of the abrupt atmospheric event that initiated the last termination at about 14,000 14C yr B.P. is not easily explained by orbital seasonal forcing, which is in an opposite sense at mid-latitudes in the two polar hemispheres. If orbital forcing was indeed responsible, then some aspect of a seasonal insolation signal (in classic Milankovitch theory taken to be summer insolation at high northern latitudes) must have been amplified by regional mechanisms into global dominance. But such amplification is hard to achieve through orbital forcing of Northern Hemisphere ice sheets, because their direct thermal impact is restricted in area (39) and because their recession at the beginning of the last termination was synchronous with that of Southern Hemisphere mountain glaciers. It is also difficult to ascribe the initial abrupt climatic shift of the last termination to a major change in ocean circulation (40). As discussed above, the switch to the modern type of deep-water formation in the northern North Atlantic basin apparently did not occur until after bi-hemispheric glacier collapse, when Andean and New Zealand mountain glaciers had already shrunk to a small fraction of their areal extent at the last glacial maximum, and when North Patagonian Rain Forest had replaced Subantarctic Parkland in the Chilean Lake District and on Isla Grande de Chiloe.
The timing and interhemispheric synchrony of the last termination is also hard to reconcile with the conceptual model of Imbrie et al. (41) , in which large Northern Hemisphere ice sheets are the essential condition for feedbacks that drive the 100,000-year climate cycle of late Quaternary time. For the last glacial-interglacial transition, these feedbacks feature the mechanical instability of grounded ice on continental shelves and the capability of large ice sheets to alter the mode of ocean overturning. The train of events leading to the termination is postulated to have begun when strengthening summer insolation forced recession of southern Laurentide ice. The consequent rise of sea level is thought to have destabilized the grounded ice sheet in the Barents Sea, which initiated rapid deglaciation in the North Atlantic sector. Also, the shrinking Laurentide Ice Sheet so altered wind patterns over the North Atlantic Ocean that it triggered a shift in convection sites to the Nordic Seas, thus initiating the modern mode of thermohaline circulation. Because it changed heat distribution and may have increased the concentration of atmospheric CO2, this mode shift is taken to have been the nonlinear amplifier of orbital forcing that is the immediate cause of the last termination. But from our Southern Hemisphere chronology, we suggest that a change in seasonality with strengthening summer insolation is unlikely to have been the immediate cause for recession of southern LaLlrentide ice, because mid-latitude Southern Hemisphere alpine glaciers showed identical behavior when summer insolation was weakening. Also, the meltwater spike at 14,500 to 13,700 14C yr B.P. off the Barents Sea and western Norway (42) correlates with the H-1 ice-rafting peak elsewhere in the North Atlantic (27) and is itself accompanied by a tongue of ice-rafted dropstones (43) . Therefore, we think that this meltwater spike represents a maximum rather than a collapse of the Barents Ice Sheet. Finally, our Southern Hemisphere chronology implies that the beginning of the last termination on a global scale antedated (and therefore could not have resulted from) the switch to the modern mode of North Atlantic deep-water production.
The interhemispheric synchrony indicated by our Southern Hemisphere paleoclimatic record suggests rapid propagation through the atmosphere of late Pleistocene climatic signals. The implication is that the forcing mechanism changed the greenhouse gas content or albedo of the atmosphere. On the grounds that the timing is not consistent with our Southern Hemisphere record, we do not favor forcing mechanisms based on ice sheet dynamics or North Atlantic thermohaline switches. Nor have any convincing explanations emerged as to why such mechanisms would have produced any but regional paleoclimatic events. Rather, the interhemispheric synchrony may implicate varying concentrations of atmospheric water vapor as the immediate source of late Pleistocene climatic changes (44, 45). The dominant water vapor feedback in models of climatic warming from greenhouse gases seems to be controlled largely by temperature (46). Because saturation vapor pressure varies nonlinearly with temperature, it has been suggested that perturbations in tropical seasurface temperatures, now thought to have changed substantially since the last glaciation (47), could have had global consequences (48). Hence, an explanation for the Southern Hemisphere paleoclimatic changes may well emerge with a more complete understanding of the production and redistribution of atmospheric water vapor and the accompanying effects on global climate.
